ABSTRACT Although long-term effects have been studied, the immediate effect of surgery for acquired heart disease on left ventricular function is not well defined. Accordingly, 44 adults with acquired heart disease underwent intraoperative two-dimensional echocardiography with a gas-sterilized transducer before and immediately after cardiopulmonary bypass. Ejection fraction was measured by short-axis area change at the maximum left ventricular cross section (SAAC-EF) and also by a method using multiple sections. Correction of both mitral and aortic regurgitation produced a significant intraoperative decrease in ejection fraction from 0.49 19 (SD) to 0.32 + 0.16 (p < .02) and from 0.41 + 0.13 to 0.30 + 0.17 (p < .0005), respectively. Relief of aortic stenosis and mitral stenosis resulted in an intraoperative increase in ejection fraction from 0.45 + 0.10 to 0.55 + 0.09 (p < .02) and from 0.41 + 0.05 to 0.50 + 0.07 (p < .05), respectively. Ejection fraction after coronary artery bypass grafting was unchanged. Preload (end-diastolic area) was significantly decreased after correction of aortic regurgitation (p < .02) but unchanged in other lesions. We conclude that (1) correction of pure mitral and aortic valvular lesions produces characteristic alterations in ejection fraction in the immediate postoperative period; (2) with the possible exception of patients with aortic regurgitation, the observed change in ejection fraction does not appear to reflect changes in preload; (3) noninvasive assessment of left ventricular function by two-dimensional echocardiography during cardiac surgery appears feasible and could provide data important for clinical decision making in the early postoperative period. Circulation 68, No. 1, 95-103, 1983. ALTHOUGH characteristic changes in left ventricular function after surgery for acquired heart disease have been reported,"X the immediate effects of surgery are not well defined. Indeed, appropriate methods for study of intraoperative or early postoperative ejection fraction during thoracotomy have been developed only recently.5 Accordingly, the present study was undertaken to further define short-term changes in ventricular performance before and after surgery in patients undergoing correction of mitral or aortic valve disease and in patients undergoing coronary bypass surgery.
ALTHOUGH characteristic changes in left ventricular function after surgery for acquired heart disease have been reported,"X the immediate effects of surgery are not well defined. Indeed, appropriate methods for study of intraoperative or early postoperative ejection fraction during thoracotomy have been developed only recently.5 Accordingly, the present study was undertaken to further define short-term changes in ventricular performance before and after surgery in patients undergoing correction of mitral or aortic valve disease and in patients undergoing coronary bypass surgery.
Methods
Operative investigation. Forty-four patients undergoing single-valve replacement or coronary artery bypass grafting were studied (table 1). The patients suffered from acquired single-valve disease or coronary artery disease. There were no cases of significant coronary artery disease coexistent with the valve lesions. No localized wall motion abnormalities were seen in the patients with valvular disease. Of 14 patients, with coronary artery disease, 10 had no wall motion abnormalities detected by standard two-dimensional echocardiographic studies performed on the day before surgery. Localized wall motion abnormalities were seen in four patients (Nos. 3, 4, 9, and 14). Informed consent was obtained from all patients.
After general anesthesia with ketamine or morphine-nitrous oxide, endotracheal intubation, and median sternotomy, patients were cannulated for cardiopulmonary bypass. Echocardiographic studies were obtained with a gas-sterilized hand-held 3.5 mHz transducer and were recorded on videotape (V-3000 or V-3400 ultrasonograph; Diasonics, Salt Lake City). Use of intravenous vasopressors and vasodilators were generally avoided during echocardiographic studies. Short-axis sections were recorded at four levels: (1) the base of the mitral valve, (2) the tip of the mitral valve, (3) the maximum diameter of the left ventricle, and (4) the papillary muscles. Long-axis views, including the cardiac apex, were also recorded. Patients underwent stan- Coronary artery disease. In the 13 patients in whom it could be calculated, the average prebypass SAAC-EF was 0.48 ± 0.08; the average postbypass SAAC-EF was 0.49 ± 0.13 (NS). In the nine patients in whom EFQ could be evaluated, the average prebypass EFQ was 0.49 ± 0.05; the average postbypass EFQ was 0.52 ± 0.08 (NS). The average prebypass EDA was 15.2 ± 7.0 cm2; the average postbypass EDA was 16.2 ± 6.0 cm2 (NS).
Discussion
Surgical intervention in the management of patients with chronic valvular heart disease or ischemic heart disease is primarily directed toward the amelioration of symptoms and the preservation of left ventricular function. Using two-dimensional echocardiographic imaging, we Mitral regurgitation. In correction of mitral regurgitation, our data show a significant decrease in ejection fraction after surgery without significant changes in ventricular volume. These changes are similar to those reported by others3 '5' 17, 18 and support the view that chronic mitral regurgitation causes latent left ventricular dysfunction, which is unmasked by surgical correction.5 However, the echocardiographic studies of Schuler et al. ' 7 suggest that a long-term decrease in ejection fraction persists only in the most severely impaired patients. We have performed serial echocardiographic ejection fraction determinations on our patients with mitral regurgitation, several of whom demonstrate a significant and progressive improve-ment in systolic function in the first 10 to 14 days after valve replacement. 19 More extensive follow-up investigation is planned to determine whether this subset of patients can be identified through the use of intraoperative investigation.
Aortic stenosis. We have demonstrated that relief of aortic stenosis results in a statistically significant increase in ejection fraction from the preoperative to the postoperative study. Several investigators'5 20-22 have demonstrated similar improvement in left ventricular performance when measured weeks to months after surgery. Our data suggest that left ventricular functional improvement occurs rapidly after valve replacement in patients with aortic stenosis. In contrast with the findings of Schwarz'5 but consistent with those of Kennedy et al.,21 there was no statistically significant change in preload.
Mitral stenosis. After correction of mitral stenosis, our data show a significant increase in ejection fraction. In contrast, Kennedy et Limitations: the intraoperative environment. Left ventricular function before and after cardiac surgery may be influenced by a number of variables during the perioperative period. Thus our observations concerning changes in ejection fraction must be assessed in light of the known hemodynamic effects of (1) anesthesia, (2) myocardial preservation techniques, including hypothermia and crystalloid cardioplegia, (3) cardiopulmonary bypass, and (4) changes in circulating hormone levels during and after surgery.
The anesthetics employed -ketamine, morphine, and nitrous oxide -have each been shown to depress myocardial contractility through a direct effect on heart muscle.28230 However, alteration of vascular tone (morphine) or autonomic tone (ketamine) may serve to offset this direct effect to result in net improvement in hemodynamic parameters, which is determined by the specific combination of agents employed and the amount of drug present in the circulation at any point in time.3' The use of these agents was not controlled during this investigation; there is thus no way to quantitatively assess their role in the changes in ventricular performance that were observed in this study. However, the hemodynamic influence of anesthesia would be expected to act fairly homogeneously, affecting patients within each subgroup studied, and thus would not explain the significant drop in ejection fraction seen only in patients with mitral or aortic regurgitation.
Studies in animals have consistently shown significant depression of left ventricular performance resulting from the use of topical hypothermia and cold crystalloid cardioplegia, the myocardial preservation techniques used in this study. The clinical significance of these observations is unclear; in patients undergoing coronary bypass grafting, we and others2' 26 27 who, after identifying a subset of patients with evidence of improved systolic performance after coronary bypass grafting, demonstrated that this improvement could be reproduced in all of their patients by catecholamine (isoproterenol) infusion. These hormonal changes, however, would tend to artificially elevate ejection indices and thus could not account for the observed depression of ejection fraction in our patients with mitral or aortic regurgitation.
Conclusions
(1) Surgical correction of chronic mitral or aortic valvular heart disease produces characteristic changes in ejection fraction in the immediate postoperative period. These changes, similar in direction and magnitude to changes in ejection fraction shown by others to be present weeks to months later, suggest that the hemodynamic changes that occur after valve replacement occur rapidly and can be assessed easily during the operative procedure itself.
(2) With the possible exception of patients with aortic regurgitation, the observed change in ejection fraction does not appear to reflect changes in preload.
(3) Noninvasive assessment of left ventricular function by two-dimensional echocardiography during cardiac surgery appears feasible, given the constraints imposed by the intraoperative environment.
(4) Clinically, this new method may prove to be valuable in the evaluation of the effects on ventricular function of new surgical techniques. It may facilitate assessment of possible intraoperative myocardial injury and thus could provide data important for clinical decision making in the early postoperative period.
